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Abstract
The thesis entitled "Studies in Biomimetic Organic Synthesis Involving Cyclodextrins" has been divided into five chapters. Chapter I deals with a brief introduction to "biomimetic organic chemistry". Chapter II summarizes the asymmetric synthesis of 2-azido-1-arylethanols from azidoarylketone-b-cyclodextrin complexes and sodium borohydride in aqueous medium. Chapter III describes an efficient biomimetic route for the cleavage of aziridines with nucleophiles catalysed by b-cyclodextrin in water. Chapter IV has been divided into three sections and summarizes the biomimetic hydrolysis reaction through supramolecular catalysis involving cyclodextrins. In this chapter section A describes a novel and efficient method for the synthesis of 1,2-diols from oxiranes catalysed by b-cyclodextrin in water under neutral conditions. Section B describes a biomimetic method for the deprotection of tetrahydropyranyl ethers through hydrolysis involving cyclodextrins in aqueous medium. Section C deals with an efficient biomimetic method for the cleavage of gem-diacetates to aldehydes in presence of b-cyclodextrin in aqueous medium under neutral conditions. Chapter V is divided in two parts. Section A represents synthesis of halohydrins by regioselective ring opening of epoxides through biomimetic modelling involving cyclodextrins whereas Section B deals with efficient synthesis of a-hydroxymethylarylketones from oxiranes and NBS in presence of b-cyclodextrin in aqueous medium. 
Chapter I: Introduction to biomimetic organic chemistry. 
Mimicking enzymes in their capability to bind substrates selectively and catalyzing chemical reactions is one of the important emerging areas of bio-organic chemistry. Biochemical selectivity is the result of the geometry of enzyme substrate complexes in which only certain substrates can fit the enzyme and only certain sites of the substrates are then in a position to be attacked. Thus, mimicking biochemical selectivity, which shows shape and substrate selectivity with the reactions being carriedout in water will be superior to chemical selectivity. 
Of particular interest are the water soluble hosts with hydrophobic cavities which mimic these biochemical interactions. Amongst them, cyclodextrins which are cyclic oligosaccharides have excited much interest as enzyme models. They catalyze chemical reactions by supramolecular catalysis involving reversible formation of host: guest complexes by non-covalent bonding as seen in enzymes. Cyclodextrins being chiral can also induce asymmetric reactions. 
The following work has been undertaken utilizing this concept of biomimetic modelling of chemical reactions. 
Chapter II: Asymmetric synthesis of 2-azido-1-arylethanols from azidoarylketone-b-cyclodextrin complexes and sodium borohydride in aqueous medium. Chiral vicinal azidohydrins have great potential as precursors for a wide range of pharmaceuticals such as b-blockers and agonists in the treatment of cardiovascular diseases, asthma and glaucoma. However, the synthetic methodologies reported consist mainly either ring opening of easily accessible oxiranes in presence of chiral catalysts or reductions of prochiral ketones catalysed by borane reagents involving the use of anhydrous organic solvents, moisture sensitive catalysts, expensive and toxic reagents. In view of these limitations, there is still a need to develop alternative methodologies for the synthesis of these valuable products under mild conditions using water as solvent. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO12.jpg" \t "_blank​) 
Hence an attempt has been made for the first time in this investigation for the synthesis of chiral vicinal azidohydrins by the asymmetric reductions of a-azidoarylketones as their b-CD complexes using sodium borohydride in aqueous medium 
Since cyclodextrins are chiral in nature, chirality can also be induced in these reactions. The products isolated were in good yield and enantioselectivities were also impressive showing up to 81% ee. The catalyst ratio has also been optimized. The optical purities of these compounds were determined by chiral HPLC analysis and have been shown to have 'S' configuration. The enantio selectivities have been rationalized by studying the effect of substitution on the substrates such as the presence of electron donating and withdrawing groups on the aromatic ring and also variation of substitution at 2-position of the ketone with azido, hydroxy and bulky groups such as OTBDMS. Thus, it has been shows that these CD mediated reactions for the synthesis of chiral vicinal azidohydrins using water as solvent are very useful both from economical and environmental points of view and also of practical convenience of not having to handle toxic and expensive reagents. (Chem. Commun., 2001, 1974) 
CHAPTER-III: Biomimetic cleavage of Aziridines with nucleophiles catalysed by b-cyclodextrins in aqueous medium. 
Diamines and azido amines which are synthetically important class of compounds are obtained through the ring opening of aziridines with nucleophiles such as aromatic amines and azides. The classical synthesis of these compounds consists of opening of aziridines in the presence of Lewis acids and later a variety of metal triflates have been introduced to carryout the ring opening reaction at room temperature. However, there are severe limitations with the literature methods such as the use of anhydrous organic solvents, acid catalysts, expensive reagents etc. Hence there is a need to develop mild and efficient methods for the synthesis of these compounds. In the course of our ongoing programme in the field of biomimetic modelling of chemical reactions, an attempt was made for the cleavage of aziridines with various nucleophiles using CDs as catalysts under mild conditions. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO13.jpg" \t "_blank​) 
These reactions were carried out in aqueous medium using 0.25 mole of b-CD as optimum ratio of the catalyst per mole of the substrate at room temperature. The yields of diamines and azidoamines obtained were in the range of 65-92%. The products have been shown to be of trans stereochemistry. Moreover even the sterically hindered aromatic amines worked well in these reactions. The catalyst can also be recovered and reused. These reactions do not take place in the absence of b-CD, thus showing the role of CD. Here, the role of b-CD appears to be to activate the aziridines through hydrogen bonding and facilitating the ring opening with nucleophiles effectively. These reactions apart from mild conditions are being carriedout in water which is an environmentally benign one and also there is no need of using flammable and anhydrous organic solvents. (Chem. Lett., 2001, 246) CHAPTER-IV 
Biomimetic hydrolytic reactions 
Section-A: A novel and efficient biomimetic hydrolysis of oxiranes to 1,2-diols catalysed by b-CD in water under neutral conditions. The 1,2-diol functionality has a great significance in pharmaceutical and industrial chemistry due to its utility in the synthesis of b-blockers, perfumes, polymers etc. The facile synthesis of 1,2-diols is mostly through epoxide ring opening under acidic conditions at room temperature or under basic conditions at high temperature. Since these harsh experimental conditions are not suitable for the epoxides with labile substituents, there is a need to look for alternate and mild experimental methodologies. In this direction, an attempt has been made for the biomimetic cleavage of epoxides for the synthesis of 1,2-diols under neutral conditions catalysed by b-CD in water which is an environfriendly solvent. The synthesis of 1,2-diols from epoxides (from cyclic and from terminal alkenes) catalysed by cyclodextrins (a and b) was carried out efficiently in almost quantitative yields. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO14.jpg" \t "_blank​) Apart from opening the epoxides under neutral conditions in water, the synthesis of optically active 1,2-diols from the corresponding R & S epoxides in high yields has also been achieved by this method. Thus, this supramolecular catalytic method involving cyclodextrins has an edge over the existing acid or base catalytic synthesis. In conclusion, a wide range of epoxides were transformed into 1,2-diols of high potential under neutral conditions, using water as solvent in a biomimetic fashion. This is an useful addition to the existing synthetic methodologies. (Org. Prep. Proc. Int., In press) 
Section-B: Selective deprotection of tetrahydropyranyl ethers catalysed by b-cyclodextrins in water. 
Protection and deprotection of hydroxyl groups play a significant role in organic synthesis. Amongst these procedures tetrahydropyranylation of hydroxyl groups has been considered as a method of choice due to its easy installation, stability under a variety of conditions and also the ease with which it can be removed. The most general methods used for the cleavage of tetrahydropyranyl (THP) ethers involve a variety of catalysts such as MgBr 2 , Me 2 AlCl, MeOH-Hcl, NaBH 3 CN-BF 3 , Ph 3 PBr 3 , DDQ etc. However, there are few reports under neutral conditions in aqueous or non-aqueous media which involve expensive and toxic reagents. Some of these methods produce considerable amounts of side products also. Keeping in view various drawbacks associated with the existing procedures, an attempt has been made for the first time for the deprotection of THP ethers catalysed by b-cyclodextrin (b-CD) in water through supramolecular catalysis under neutral conditions. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO15.jpg" \t "_blank​) These reactions can be carried out efficiently in water, which is an environmentally benign solvent under neutral conditions and also they do not generate any toxic waste products. This supramolecular catalytic method involving cyclodextrins has been applied for deprotection of various THP ethers possessing different sensitive functionalities such as acetamide, methyledioxy, N-BOC and formyl groups etc. This catalytic method has been found to be very effective with 0.1 mole of the catalyst per mole of the substrate and has been shown to have several advantages over the existing methodologies reported so far. (New J. Chem., 2001, 359) 
Section-C: An efficient biomimetic cleavage of gem-diacetates to aldehydes by b-cyclodextrin under neutral conditions in aqueous medium 
Selective protection and deprotection of carbonyl groups are of importance in a multistep organic synthesis. Amongst the various protecting groups, gem-diacetates have been recognized as the method of choice due to their easy installation and removal and also their stability under a variety of conditions. Apart from this gem-diacetates are also having high synthetic utility. However, the cleavage of gem-diacetates includes various acidic reagents such as Hcl, H 2 SO 4 , K-10 clay etc. as well as basic reagents like NaOH, KOH and the yields obtained are also low. Due to various limitations in the existing procedures, an alternate biomimetic approach under mild and neutral conditions has been attempted in aqueous medium involving b-cyclodextrin. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO16.jpg" \t "_blank​) The cyclodextrin catalysed reactions involving supramolecular catalysis through non-covalent bonding, as seen in enzymes, are much superior to chemical reactions and also they do not generate any toxic waste products. The yields of the products were impressive (upto 95%) and these reactions can be efficiently carried out with a catalytic amount of the cyclodextrin. 
This biomimetic methodology is efficient in the hydrolysis of gem-diacetates and is also compatible in the presence of various functional groups such as OMe, O-Bn, O-allyl, N-BOC, methylenedioxy etc. and it is an useful addition to the existing synthetic methodologies (Synth. Commun., 2002, 32, 273). 
Chapter-V 
Biomimetic synthesis of halohydrins and a-hydroxymethylarylketones 
Section-A: Highly facile biomimetic regioselective ring opening of epoxides to halohydrins in the presence of b-cyclodextrin. 
Halohydrins play a significant role in the synthesis of marine natural products and in various organic synthetic transformations. The most widely used method of preparing these vic-halohydrins is by the ring opening of epoxides with hydrogen halides which produces many unwanted byproducts with low regioselectivity. To overcome these drawbcaks, various metal halides such as LIX, Ticl 4 -LIX, haloboranes, chlorosilanes etc. have been introduced. However, these methodologies too suffer with various disadvantages such as in situ preparation of reagents, longer reaction times, reflux temperatures, hygroscopic nature of catalysts etc. The cyclodextrin catalysed reactions involving supramolecular catalysis through non-covalent bonding, as seen in enzymes, are much superior to chemical reactions and also they do not generate any toxic waste products. The yields of the products were impressive (upto 95%) and these reactions can be efficiently carried out with a catalytic amount of the cyclodextrin. 
This biomimetic methodology is efficient in the hydrolysis of gem-diacetates and is also compatible in the presence of various functional groups such as OMe, O-Bn, O-allyl, N-BOC, methylenedioxy etc. and it is an useful addition to the existing synthetic methodologies (Synth. Commun., 2002, 32, 273). 
Chapter-V 
Biomimetic synthesis of halohydrins and a-hydroxymethylarylketones 
Section-A: Highly facile biomimetic regioselective ring opening of epoxides to halohydrins in the presence of b-cyclodextrin. 
Halohydrins play a significant role in the synthesis of marine natural products and in various organic synthetic transformations. The most widely used method of preparing these vic-halohydrins is by the ring opening of epoxides with hydrogen halides which produces many unwanted byproducts with low regioselectivity. To overcome these drawbcaks, various metal halides such as LIX, Ticl 4 -LIX, haloboranes, chlorosilanes etc. have been introduced. However, these methodologies too suffer with various disadvantages such as in situ preparation of reagents, longer reaction times, reflux temperatures, hygroscopic nature of catalysts etc. In order to over come the severe limitations with the reported methodologies, the supramolecular catalysis involving cyclodextrins in aqueous medium has been attempted for the synthesis of these high value products. These biomimetic reactions are neat and do not generate any toxic waste products. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO17.jpg" \t "_blank​) Cyclodextrins bind substrates selectively in their hydrophobic cavities and catalyze chemical reaction through supramolecular catalysis involving reversible formation of host-guest complexes by non-covalent bonding as seen in enzymes. Thus, mimicking biochemical selectivity which shows shape and substrate selectivity has been applied for the synthesis of halohydrins from epoxides. 
This is the first biomimetic synthesis of halohydrins with high regioselectivty in impressive yields. It has been achieved from the easily accessible epoxides with hydrogen halides and their corresponding Lithium salts in the presence of b-cyclodextrin using water as solvent. This approach is comparatively simple with high practical utility (Tetrahedron, In Press). 
Section-B: A mild and efficient biomimetic synthesis of a-hydroxymethylaryl ketones from oxiranes in the presence of b-cyclodextrins and NBS in water. 
a-Hydroxymethylarylketones have high potential as synthetic intermediates in organic and medicinal chemistry. In view of their importance, several methodologies have been developed for these high value products such as the oxidation of enolates using dioxygen ( 3 0 2 ), oxidations of epoxides and diols, partial reduction of 1,2-diketones etc. In view of the severe limitations with these methodologies such as the use of anhydrous organic solvents, moisture sensitive and hazardous reagents, complex catalysts, lower yields etc., there is a need to develop alternate approach to overcome these drawbacks. 
In continuation of our efforts to develop biomimetic approaches for chemical reactions involving cyclodextrins, an attempt has been made to synthesize optically active bromohydrins from styrene epoxide-b-CD complexes with NBS in water. However, there is unexpected and exclusive formation of a-hydroxymethylaryl ketones in high yields (upto 95%) as a single product. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a69_figureNO18.jpg" \t "_blank​) This reaction was studied in detail by varying the substituents on the aromatic ring and was found to be very elegant, mild and one pot synthesis for a-hydroxyketones. These reactions involve supramolecular catalysis through reversible formation of host-guest complexes. Complexation depends on the size, shape and hydrophobicity of the guest molecule. The catalyst can also be recovered and reused. These reactions do not proceed in the absence of cyclodextrins. A suitable mechanism has been proposed for the formation a-hydroxyketones. 
This first biomimetic approach for the synthesis of high value a-hydroxymethylarylketones from the easily accessible epoxides, cyclodextrin, NBS and water as a solvent may be considered as simple with high potential for future applications. (Tetrahedron Lett.,2002, 43, 3237) 
  	 


